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(54) LIQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a liquid crystal 
display device having high contrast, wherein satisfactory 
black display can be obtained. 

SOLUTION: The liquid crystal display device is provided 
with a liquid crystal cell 20 wherein liquid crystal 
molecules are twist-arranged when no voltage is applied 
and a lateral electric field is applied when voltage is 
applied, an optical compensation layer 30 superposed on 
the liquid crystal cell 20 and polarizing plates 10 and 40 
disposed on the outer sides of the liquid crystal cell 20 
and the optical compensation layer When the liquid 
crystal cell 20 is observed in the normal direction of the 
liquid crystal cell 20, the direction of the lateral electric 
field is set to the intermediate direction between the ' I 7 — l 

axis directions of the liquid crystal molecules 13 close to • & y 

respective interfaces of substrates 1 and 9 of the liquid 
crystal cell 20 and the directions of the transmission 
axes of the polarizing plates 10 and 40 are set to the 
directions nearly parallel or nearly orthogonal to the axis 

directions of liquid crystal molecule 13 and an optical compensation element 17 in the position 
closest to the polarizing plates 10 and 40, respectively, when no voltage is applied. 
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[Claim(s)] 

[Claim 1] The liquid crystal cell which carries out horizontal arrangement along the direction of 
the horizontal electric field in which enclose liquid crystal between the substrates of a pair and 
this liquid crystal carries out a twist array at the time of no electrical-potential-difference 
impressing and, which are generated in this liquid crystal at the time of electrical-potehtial- 
difference impression, The optical compensation layer which has an optical'compensation 
component while being arranged in piles at said liquid crystal cell, It has the first polarizing plate 
arranged on the outside of a liquid crystal cell, and the second polarizing plate arranged oh the 
outside of an optical compensation layer. When it observes from [ of the substrate of said liquid 
crystal cell ] a normal, the direction of the horizontal electric field generated at the time of 
electrical-potential-difference impression is set up in the in-between direction of the shaft 
orientations of the liquid crystal molecule in the liquid crystal cell nearest to the first polarizing 
plate, and the shaft orientations of the liquid crystal molecule, in the liquid crystal cell nearest to 
the second substrate. The transparency shaft of the first polarizing plate is set as the shaft 
orientations of the liquid crystal molecule in the liquid crystal cell nearest to the first polarizing 
plate at the time of no electrical-potential-difference impressing in the direction which it is 
abbreviation-parallel or intersects [ abbreviation ] perpendicularly. The transparency shaft of the 
second polarizing plate is a liquid crystal display characterized by being set as the shaft 
orientations of the optical compensation component in the optical compensation layer nearest to 
the second polarizing plate at the time of no electrical-potential-difference impressing in the 
direction which it is abbreviation-parallel or intersects [ abbreviation ] perpendicularly. 
[Claim 2] The liquid crystal display according to claim 1 characterized by setting the twist 
direction of said optical compensation component as the twist direction and hard flow of a liquid 
crystal molecule in said liquid crystal cell while an optical compensation component carries out a 
twist array within said optical compensation layer. 

[Claim 3] The liquid crystal display according to claim 1 to 2 which the twist angle of the liquid 
crystal molecule of said liquid crystal cell and the twist angle of the optical compensation 
component of said optical compensation layer are in abbreviation etc. by carrying out, and is 
characterized by things. 

[Claim 4] The liquid crystal display according to claim 1 to 3 characterized by the shaft 
orientations of the liquid crystal molecule, in the liquid crystal cell nearest to said optical 
compensation layer and the shaft orientations of the optical compensation component in said 
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optical compensation layer nearest to said liquid crystal being in orthogonality relation mutually. 
[Claim 5] Liquid crystal is a liquid crystal display according to claim 1 to 4 characterized by 
adding chiral material while having a forward dielectric constant anisotropy. 
[Claim 6] The liquid crystal display according to claim 1 to 5 characterized by a display mode 
>being a normally black. 

[Claim 7] The liquid crystal display according to claim 1 to 6 characterized by arranging a pixel 
electrode and a common electrode oo one substrate of said liquid crystal cell, and horizontal 
electric field occurring between said pixel electrodes and said common electrodes at the time of 
electrical-potential-difference impression. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
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3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the liquid crystal display which realized high 

contrast on the wide-field-of-view square. 

[0002] 

[Description of the Prior Art] Although TN method was put in practical use in the liquid crystal 
display, TN method had the problem that an angle of visibility was narrow. Then, the method 
which was excellent in viewing-angle properties, such as an IPS method and VA method, is 
proposed. The general gestalt of an IPS method pinched liquid crystal with the substrate of a 
pair, and arranges the pixel electrode and the common electrode to one substrate. The pixel 
electrode and the common electrode are carrying out the ctenidiunrHike configuration, 
respectively, and the ctenidium part of a pixel electrode and the ctenidium part of a common 
electrode are arranged almost in parallel within the pixel. The laminating of the orientation film 
which carried out level orientation in the abbreviation rectangular cross direction of the direction 
of horizontal electric field is carried out to both substrates, and a liquid crystal molecule carries 
out horizontal arrangement of the time of no electrical-potential-difference impressing along the 
direction of orientation of the orientation film. And at the time of electrical-potential-difference 
impression, a liquid crystal molecule rotates in accordance with the horizontal electric field 
generated between a pixel electrode and a common electrode, and permeability is controlled by 
change of this array condition. 

[0003] However, there is a problem that a speed of response is slow in an IPS method, and 
various amelioration is tried in order to improve this. There is an IPS mold liquid crystal display 
indicated by JP.10-73823.A as the example, and the gestalt is explained based on a drawing. In 
addition, the case in the normally black mode equipped with the optical compensation layer here 
is explained. 

[0004] Drawing 7 is the mimetic diagram showing the array condition of the liquid crystal 
molecule at the time of no electrical-potential-difference impressing, and drawing 8 is the 
mimetic diagram showing the array condition of the liquid crystal molecule at the time of 



JP-A-2002- 189222 



4/15 <<— V 



electrical-potential-difference impression. For 100, a liquid crystal cell and 101 is [the second 
polarizing plate 103 by the side of incident light of an optical compensation layer and 102 ] the 
second polarizing plate by the side of an observer. The pneumatic liquid crystal 104 in which a 
liquid crystal cell 100 has a forward dielectric constant anisotropy between the substrates of a 
pair is pinched, and chiral material is added by this liquid crystal 104. CtenidiurrHike the pixel 
electrode and common electrode which are not illustrated are formed in a lower substrate, and 
the ctenidiumHike part of two electrodes is arranged in parallel within each pixel. The laminating 
of the orientation film with which level orientation processing was performed is carried out to a 
top substrate and a bottom substrate, and horizontal arrangement of the liquid crystal molecule 
1 04 of a substrate interface is carried out along this direction of orientation. Drawing 9 (a) shows 
the relation between the direction of orientation at the time of observing from [ of a substrate ] 
a normal, and the direction of electric field. In the direction of orientation of the orientation film 
of a bottom substrate, and a continuous line 20, the direction of orientation of the orientation 
film of a top substrate and a dotted line 10 show the transparency shaft of the first polarizing 
plate 102, and, as for an alternate long and short dash line 10, a dotted line 20 shows [ the 
direction of electric field at the time of electrical-potential-difference impression, and a 
continuous line 10 ] the transparency shaft of the second polarizing plate 103, respectively. 
When the direction of electric field (alternate long and short dash line 10) was set as 0 times 
here, a counterclockwise rotation is specified in the forward direction and a clockwise rotation is 
specified in the negative direction, the direction of orientation of a top substrate (continuous line 
20) is set as 45 degrees for the direction of orientation of a bottom substrate (continuous line 
10) -45 degrees. In order for the liquid crystal molecule 104 to be influenced by the orientation 
film at the time of no electrical-potential-difference impressing and to arrange, it turns 
[ direction / of a mefior axis / of the liquid crystal molecule 104 of a bottom substrate interface ] 
to a continuous line 10, and turns [ direction / of a m^jor axis / of the liquid crystal molecule 
104 of a top substrate interface ] to a continuous line 20, horizontal arrangement is carried out, 
and horizontal arrangement is carried out within the liquid crystal cell 100, being 
counterclockwise twisted from a bottom substrate 90 degrees to a top substrate. The 
transparency shaft (dotted line 10) of the first polarizing plate 102 is set up in the same direction 
as the direction of electric field (alternate long and short dash line 10), and the transparency 
shaft (dotted line 20) of the second polarizing plate 103 is set up in the rectangular direction of 
the transparency shaft (dotted line 10) of the first polarizing plate 102. Therefore, each 
transparency shaft shifts from the liquid crystal molecule 104 of a substrate interface 45 
degrees, and is arranged. 

[0005] The liquid crystal for compensation is pinched by the substrate of a pair, and, as for the 
optical compensation layer 101, the laminating of the orientation film with which level orientation 
processing was performed, respectively is carried out to both substrates. The relation between 
the direction of orientation of this orientation film and the direction of electric field at the time 
of electric-field impression is shown in drawing 9 (b). A continuous line 30 shows the direction of 
orientation of a bottom substrate, a continuous line 40 shows the direction of orientation of a 
top substrate, respectively, and the direction of orientation of a top substrate (continuous line 
40) is set as 45 degrees for the direction of orientation of a bottom substrate (continuous line 
30) 135 degrees. The m^jor axis carries out horizontal arrangement toward the direction of 
orientation of a bottom substrate (continuous line 30), the m^jor axis carries out horizontal 
arrangement of the liquid crystal molecule 105 of a bottom substrate interface toward the 
direction of orientation of a top substrate (continuous line 40), and within the optical 
compensation layer 101, while the liquid crystal molecule 105 is clockwise twisted from a bottom 
substrate 90 degrees to a top substrate, it is carrying out horizontal arrangement of the liquid 
crystal molecule 105 of a top substrate interface. Therefore, the transparency shaft (dotted lines 
10 and 20) of each first polarizing plate 102 and 103 shifts from the liquid crystal molecule 105 
of a* substrate interface 45 degrees, and is arranged. 

[0006] In the case of normally black mode, it sets up so that the retardation of a liquid crystal 
cell 100 may be completely offset according to the retardation of the optical compensation layer 
101. The amplitude direction of the transmitted light at the time of observing from [ of the 
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substrate in a corresponding location ] a normal is shown in the right-hand side of drawing 7 and 
drawing 8 . Although the transmitted light which passed the first polarizing plate 102 is the 
linearly polarized light which carries out the amplitude to a direction 0 times, when a 
birefringence is carried out with liquid crystal 104 and a liquid crystal cell 100 is passed, it 
becomes elliptically polarized light. Although the birefringence of this transmitted light is carried 
out with the liquid crystal 105 for compensation, since the retardation of the optical 
compensation layer 101 is set up so that the retardation of a liquid crystal cell 100 may be 
offset, the transmitted light which passed the optical compensation layer 101 turns into the 
linearly polarized light which carries out the amplitude to a direction 0 times again, and is shaded 
with the second polarizing plate 103. 

[0007] As shown in drawing 8 , the liquid crystal molecule 104 of a liquid crystal cell 100 rotates 
and carries out horizontal arrangement of the time of electrical-potential-difference impression 
in the direction of electric field (alternate long and short dash line 10). At this time, the array 
condition of the liquid crystal 105 for compensation of the optical compensation layer 101 does 
not change. Since the direction of a major axis of the liquid crystal molecule 104 and the 
transparency shaft orientations (dotted line 10) of the first polarizing plate 102 become in the 
same direction, the transmitted light of the linearly polarized light which passed the first 
polarizing plate 102 here passes a liquid crystal cell 100 with the linearly polarized light which 
carries out the amplitude to a direction 0 times. And when the birefringence of this transmitted 
light is carried out and the optical compensation layer 101 is passed with the liquid crystal 105 
for compensation of the optical compensation layer 101, it turns into elliptically polarized light, 
and it passes the transparency shaft of the second polarizing plate 103. 
[0008] 

[Problem(s) to be Solved by the Invention] However, in the case of the above-mentioned liquid 
crystal display, since the shaft orientations of the liquid crystal molecule of a substrate interface 
and the transparency shaft orientations of a polarizing plate have shifted 45 degrees in the case 
of a black display, it is easy to produce the optical leakage at the time of a black display, and the 
good black display was hard to be obtained. Then, as a result of inquiring by paying one's 
attention especially about the relation between the shaft orientations of the liquid crystal 
molecule of a substrate interface, and the transparency shaft orientations of a polarizing plate, it 
came to invent the liquid crystal display with which a good black display is obtained. 
[0009] that is. the black display with good this invention — it can carry out — high — it aims at 
offering a contrast liquid crystal display. 
[0010] 

[Means for Solving the Problem] The liquid crystal cell which carries out horizontal arrangement 
along the direction of the horizontal electric field in which this invention encloses liquid crystal 
between the substrates of a pair in order to solve the above-mentioned technical problem, and 
this liquid crystal carries out a twist array at the time of no electrical-potential-difference 
impressing and, which are generated in this liquid crystal at the time of electrical-potential- 
difference impression, The optical compensation layer which has an optical compensation 
component while being arranged in piles at said liquid crystal cell, It has the first polarizing plate 
arranged on the outside of a liquid crystal cell, and the second polarizing plate arranged on the 
outside of an optical compensation layer. When it observes from [ of the substrate of said liquid 
crystal cell ] a normal, the direction of the horizontal electric field generated at the time of 
electrical-potential-difference impression is set up in the in-between direction of the shaft 
orientations of the liquid crystal molecule in the liquid crystal cell nearest to the first polarizing 
plate, and the shaft orientations of the liquid crystal molecule in the liquid crystal cell nearest to 
the second substrate. The transparency shaft of the first polarizing plate is set as the shaft 
orientations of the liquid crystal molecule in the liquid crystal cell nearest to the first polarizing 
plate at the time of no electrical-potential-difference impressing in the direction which it is 
abbreviation-parallel or intersects [ abbreviation ] perpendicularly. It is characterized by setting 
the transparency shaft of the second polarizing plate as the shaft orientations of the optical 
compensation component in the optical compensation layer nearest to the second polarizing 
plate at the time of no electrical-potential-difference impressing in the direction which it is 
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abbreviation-parallel or intersects [ abbreviation ] perpendicularly. Therefore, the liquid crystal 
display with which the response time is short and a good black display is obtained is realizable. 
[0011] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained 
based on drawing. Drawins 1 shows the outline cross section of a liquid crystal display, and 
drawing 2 shows the outline top view by the side of the first substrate of a liquid crystal display. 
With this operation gestalt, the first polarizing plate 10, a liquid crystal cell 20, the optical 
compensation layer 30, and the second polarizing plate 40 are piled up one by one. 
[0012] In the liquid crystal cell 20, liquid crystal 13 is pinched between the substrate 1 of a pair, 
and 9. 1 is the first transparent substrate, such as a glass substrate, and two or more scanning 
lines 2 and two or more signal lines 3 are arranged in the shape of a matrix. TFT4 (thin film 
transistor) which is a switching element is arranged at the intersection of the scanning line 2 and 
a signal line 3, and the ctenidium-like pixel electrode 5 is arranged in 1 pixel surrounded with the 
scanning line 2 and a signal line 3. TFT4 — a source electrode is connected to a signal line 3, 
and the drain electrode is connected to the pixel electrode 5 for the gate electrode at the 
scanning line 2. respectively. 6 is the common electrode of the shape of a ctenidium formed 
ranging over two or more pixels, is formed on a protective coat 7 and insulated with the signal 
line 3 by part for the intersection. Within each pixel, the ctenidium parts of the pixel electrode 5 
and the common electrode 6 are arranged in parallel, and when an electrical potential difference 
is impressed to the pixel electrode 5, horizontal electric field occur between the pixel electrode 
5 and the common electrode 6. Although the number of the ctenidium electrode arranged in 1 
pixel is become to two with the pixel electrode 5 and has become three with the common 
electrode 6 with this operation gestalt, this invention is not limited to this number. 8 is the 
orientation film by which the laminating was carried out on the first substrate 1, and level 
orientation processing is performed in the direction mentioned later. 

[0013] 9 is the second transparent substrate by which opposite arrangement was carried out at 
the first substrate 1, and the grid-like light-shielding film 14 is formed in a signal line 2, the 
scanning line 3, and the location that counters. 1 1 is a color filter arranged according to each 
pixel, and one coloring layer of R, G, and B is arranged in the shape of a stripe for every pixel. 12 
is the orientation film by which the laminating was carried out on the color filter 11, and level 
orientation processing is performed in the direction mentioned later. 

[0014] 13 is a pneumatic liquid crystal which has a forward dielectric constant anisotropy, and 
chiral material is added. Therefore, at the time of no electrical-potential-difference impressing, 
horizontal arrangement of a substrate 1 and the liquid crystal molecule 1 3 of nine interfaces is 
carried out in the direction of orientation of the orientation film 8 and 12, and horizontal 
arrangement is carried out between a substrate 1 and 9, being twisted. With this operation 
gestalt, the twist direction of the liquid crystal molecule 13 is counterclockwise rotated to the 
direction of the first substrate 1 to the second substrate 9, when it observes from [ of 
substrates 1 and 9 ] a normal. 

[0015] The liquid crystal 17 for compensation whose optical compensation layer 30 is an optical 
compensation component between the substrate 15 of a pair and 19 is pinched. 15 and 19 are 
transparent substrates and the laminating of the orientation film 16 and 18 with which level 
orientation processing was performed in the direction mentioned later, respectively is carried 
out. Chiral material is added by the liquid crystal 17 for compensation pinched by these 
substrates 15 and 19, and horizontal arrangement of a substrate 15 and the liquid crystal 
molecule 1 7 for compensation of 1 9 interfaces is carried out along the direction of orientation of 
the orientation film 16 and 18, and they carry out horizontal arrangement of a substrate 15 and 
the liquid crystal molecule 17 for compensation between 19, being twisted. This twist direction 
turns into the liquid crystal 13 and hard flow of a liquid crystal cell 20, and when it observes from 
[ of substrates 15 and 19 ] a normal, it is clockwise rotated to the direction of a substrate 1 5 to 
the substrate 1 9. 

[0016] The second polarizing plate 40 is arranged on the outside of the first polarizing plate 10 
and the substrate 19 of the optical compensation layer 30 at the outside of the first substrate 1 
of a liquid crystal cell 20, respectively. Arrangement relation with the direction of orientation of 
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the transparency shaft of each polarizing plates 10 and 40, a liquid crystal cell 20, and the optical 
compensation layer 30 is shown in drawing 3 . Drawing 3 is transparency shaft orientations and 
the direction of orientation of [ at the time of observing from / of a substrate 1 9 / a normal ], 
drawing 3 (a) shows the direction of orientation of a liquid crystal cell 20, and the relation of a 
transparency shaft, and drawing 3 (b) shows the direction of orientation of the optical 
compensation layer 30, and the relation of a transparency shaft. As for the direction of 
orientation of the orientation film 8 of the first substrate 1, and a continuous line 2, a continuous 
line 1 shows the direction of orientation of the orientation film 12 of the second substrate 9, and 
the direction of horizontal electric field where the transparency shaft orientations of the first 
polarizing plate 10 and a dotted line 2 are produced in the transparency shaft orientations of the 
second substrate 9, and a dotted line 1 produces an alternate long and short dash line 1 at the 
time of electrical-potential-difference impression. Moreover, a continuous line 3 shows the 
direction of orientation of the orientation film 16 of a substrate 15, and a continuous line 4 
shows the direction of orientation of the orientation film 18 of a substrate 19. In addition, in 
drawing 3 , the direction of electric field at the time of electrical-potential-difference impression 
(alternate long and short dash line 1) is set as a direction 0 times, a counterclockwise rotation is 
made into the forward direction and a clockwise rotation is made into the negative direction. 
[0017] In a liquid crystal cell 20, the direction of orientation of the first substrate 1 (continuous 
line 1) is set as -45 degrees, and the direction of orientation of the second substrate 9 
(continuous line 2) is set as 45 degrees. In order to influence a substrate 1 and the liquid crystal 
molecule 13 of nine interfaces in the direction of orientation of the orientation film 8 and 12 and 
to arrange at the time of no electrical-potential-difference impressing, As for the liquid crystal 
molecule 13 of first substrate 1 interface, the direction of a meuor axis becomes in the same 
direction as a continuous line 1. The direction of a major axis becomes in the same direction as a 
continuous line 2, and the liquid crystal molecule 13 of second substrate 9 interface carries out 
horizontal arrangement of a substrate 1 and the liquid crystal molecule 13 between nine, while 
the direction of a major axis is counterclockwise twisted from the first substrate 1 90 degrees 
from a continuous line 1 to a continuous line 2 to the second substrate 9. And at the time of 
electrical-potential-difference impression, electric field occur in a direction 0 times, and each 
liquid crystal molecule 17 rotates in a direction 0 times. Since the direction of electric field is set 
up in the in-between direction (0 times) to the twist direction (45 degrees, -45 degrees) of a 
substrate 1 and the liquid crystal -molecule 17 of nine interfaces at this time, the response time 
becomes short that a substrate 1 and the liquid crystal molecule 1 7 of nine interfaces should 
just be twisted 45 degrees, respectively. The transparency shaft (dotted line 1) of the first 
polarizing plate 10 is set up in the same direction as the direction of orientation of the first 
substrate 1 (continuous line 1), and the transparency shaft of both the polarizing plates 10 and 
40 lies at right angles. 

[0018] In the optical compensation layer 30, the direction of orientation of a substrate 15 
(continuous line 3) is set as 1 35 degrees, and the direction of orientation of a substrate 1 9 
(continuous line 4) is set as 45 degrees. And in order that a substrate 1 5 and the liquid crystal 
molecule 17 for compensation of 19 interfaces may carry out horizontal arrangement in the 
direction of orientation of the orientation film 16 and 18, As for the liquid crystal molecule 17 for 
compensation of substrate 15 interface, the direction of a major axis becomes in the same 
direction as a continuous line 3. The direction of a m^jor axis becomes in the same direction as a 
continuous line 4, and the liquid crystal molecule 17 for compensation of substrate 19 interface 
carries out horizontal arrangement of a substrate 1 5 and the liquid crystal molecule 1 7 between 
19, while the direction of a major axis is clockwise twisted from a substrate 15 90 degrees from 
a continuous line 3 to a continuous line 4 to a substrate 19. The liquid crystal molecule 17 for 
compensation of the optical compensation layer 30 will return the polarization condition of the 
transmitted light that the twist direction of the liquid crystal molecule 1 3 of a liquid crystal cell 
20 is twisted the degree of the same angle, and the rotatory polarization was carried out to hard 
flow by the liquid crystal cell 20 to the condition before passing a liquid crystal cell 20 by the 
optical compensation layer 30. The transparency shaft (dotted line 2) of the second polarizing 
plate 40 is set up in the same direction as the direction of orientation of a substrate 1 9 
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(continuous line 4). With this operation gestalt, since the liquid crystal molecule 13 and the liquid 
crystal 1 7 for compensation are twisted 90 degrees, respectively and the transparency shaft of 
both the polarizing plates 10 and 40 intersects perpendicularly, a continuous line 1 and a 
continuous line 3 become in the same direction as the transparency shaft (dotted line 1) of the 
first polarizing plate 10, and a continuous line 2 and a continuous line 4 become in the same 
direction as the transparency shaft (dotted line 2) of the second polarizing plate 40. However, 
this invention sets up the transparency shaft of each polarizing plate 10 and 40 in the shaft 
orientations of a substrate 1 and the liquid crystal molecule of 19 interfaces, the parallel, or the 
rectangular direction which counters, and the transparency shaft of the first polarizing plate 10 
at least is set up in the direction of orientation, the parallel direction, or the rectangular direction 
of the first substrate 1 of a liquid crystal cell 20, therefore the transparency shaft of the second 
polarizing plate 40 is set up in the direction of orientation, the parallel direction, or the 
rectangular direction of a substrate 19 of the optical compensation layer 30. 
[0019] Although a continuous line 1, a continuous line 3 and a continuous line 2, and a 
continuous line 4 become in the same direction in drawing 3 , respectively, the sense of an arrow 
head is reverse mutually. In this, substrates 1 , 9, and 1 5 and the liquid crystal molecules 1 3 and 
17 of 19 interfaces have a tilt angle, horizontal arrangement is carried out, and the sense of this 
arrow head shows the inclination direction of the liquid crystal molecules 13 and 17 produced 
with a tilt angle. Therefore, for the liquid crystal molecule 13 suitable for a continuous line 1, the 
liquid crystal molecule 17 for compensation suitable for a continuous line 3 and the liquid crystal 
molecule 13 suitable for a continuous line 2, and the liquid crystal molecule 19 for compensation 
suitable for a continuous line 4, the inclination direction is reverse ** mutually, respectively. 
[0020] Actuation of this liquid crystal display is explained based on drawing 4 and drawing 5 . The 
mimetic diagram in which drawing 4 shows array conditions, such as the liquid crystal molecule 
13 at the time of no electrical-potential-difference impressing, and drawing 5 are. the mimetic 
diagrams showing array conditions, such as the liquid crystal molecule 13 at the time of 
electrical-potential-difference impression. In addition, drawing 4 and drawing 5 show the 
amplitude direction of the transmitted light at the time of observing from [ of the substrate in 
the location corresponding to right-hand side ] a normal, respectively. 
[0021] Based on drawing 4 , the actuation at the time of no electrical-potential-difference 
impressing is explained first. The transmitted light which passed the first polarizing plate 10 turns 
into the linearly polarized light which carries out the amplitude in the direction of -45 degrees. In 
a liquid crystal cell 20, the transmitted light to which the direction of a major axis of the liquid 
crystal molecule 13 of first substrate 1 interface (continuous line 1 of drawing 3 ) passed the 
liquid crystal cell 20 since the liquid crystal molecule 13 was counterclockwise twisted 90 
degrees within a liquid crystal cell 20 in accordance with the transparency shaft (dotted line 1 of 
drawing 3 ) of the first polarizing plate 10 turns into the linearly polarized light which the rotatory 
polarization is carried out with the liquid crystal molecule 13, and carries out the amplitude to a 
direction 45 degrees. Since the mutual direction of a major axis (a continuous line 2 and 
continuous line 3) intersects perpendicularly, the amplitude direction of the liquid crystal 
molecule [ the liquid crystal molecule 1 3 of second substrate 9 interface of a liquid crystal cell 
20 and ] 17 of substrate 15 interface of the optical compensation layer 30 for compensation of 
the transmitted light corresponds with the direction of a minor axis of the liquid crystal molecule 
1 7 for compensation of substrate 1 5 interface. And since the liquid crystal molecule 1 7 for 
compensation is twisted 90 degrees to the liquid crystal 13 and hard flow of a liquid crystal cell 
20 within the optical compensation layer 30, in the case of a liquid crystal cell 20, the rotatory 
polarization of the transmitted light which passes the optical compensation layer 30 is carried 
out to hard flow, and it becomes the linearly polarized light which carries out the amplitude in the 
same direction as the transmitted light which passed the first polarizing plate 10. Therefore, 
since the transparency shaft of the amplitude direction of the transmitted light which passed the 
optical compensation layer 30, and the second polarizing plate 40 intersects perpendicularly, it is 
shaded by. the second polarizing plate 40 and the transmitted light becomes a black display. 
[0022] Next, based on drawing 5 , the actuation at the time of electrical-potential-difference 
impression is explained. If an electrical potential difference is impressed to the pixel electrode 5, 
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horizontal electric field will arise between the pixel electrode 5 and the common electrode 6, the 
liquid crystal molecule 13 of a liquid crystal cell 20 rotates so that a m^jor axis may be in 
agreement with the direction of electric field, and an array condition changes. Horizontal 
arrangement is carried out so that the liquid crystal molecule 1 3 which the liquid crystal 
molecule 13 which met the continuous line 1 since electric field (alternate long and short dash 
line 1) were generated in the direction of 0 times as shown in drawing 3 rotated 45 degrees 
counterclockwise, and met the continuous line 2 may rotate 45 degrees clockwise and, as for the 
liquid crystal molecule 13 of 20 in a liquid crystal cell, the direction of a m^jor axis may become 
in the direction of 0 times. At this time, a substrate 1 and the liquid crystal molecule 13 of nine 
interfaces will only be twisted 45 degrees, respectively, a substrate 1 and the liquid crystal 
molecule 1 3 twisted 90 degrees among nine will be suitable in the same direction, and the 
response time becomes short. As for the liquid crystal 1 7 for compensation of the optical 
compensation layer 30, the array condition does not change at the time of electrical-potential- 
difference impression, either. Although the transmitted light which passed the first polarizing 
plate 1 0 is the linearly polarized light which carries out the amplitude to a direction -45 degrees, 
when passing a liquid crystal cell 20, with the liquid crystal molecule 13, the birefringence of it is 
carried out and it turns into elliptically polarized light. Furthermore, when passing the optical 
compensation layer 30, the birefringence of the transmitted light is carried out with the liquid 
crystal molecule 17 for compensation, and when reaching the second polarizing plate 40, it will 
be in the condition of the linearly polarized light which carries out the amplitude in the different 
direction from not the linearly polarized light that carries out the amplitude in the same direction 
as the transmitted light of the origin which passed the first polarizing plate 10 but elliptically 
polarized light, or the original transmitted light. Therefore, the transmitted light passes the 
second polarizing plate 40, and becomes a white display. 

[0023] The liquid crystal display of this invention has less optical leakage at the time of a black 
display than the liquid crystal display of the conventional example, and can obtain a good black 
display. Based on drawing 6 , the principle is explained from this. This invention inquired paying 
attention to the shaft orientations of the liquid crystal molecules 13 and 17 located in the 
interface of the transparency shaft of polarizing plates 10 and 40, polarizing plates 10 and 40, 
and the substrates 1 and 19 that counter. Although the liquid crystal molecule 13,104 is twisted 
90 degrees within the liquid crystal cell 20,100 when the effect of optical rotatory dispersion is 
disregarded, what solved 90 twists on the basis of the liquid crystal molecule 13,104 located in 
the interface of the first polarizing plate 10,102 and the first substrate 1 which counters in this 
can be typically permuted as a liquid crystal cell. Although the optical compensation layer 30,101 
was considered the same way and the liquid crystal molecule 17,105 for compensation is twisted 
90 degrees within the optical compensation layer 30,101, let typically what solved 90 twists on 
the basis of the liquid crystal molecule 17,105 for compensation located in the interface of the 
second polarizing plate 40,103 and the substrate 19 which counters in this be an optical 
compensation layer. About the transparency shaft-configuration relation between the direction 
of a major axis of the liquid crystal molecules 13 and 17,104,105 at this time, and polarizing 
plates 10 and 40,102,103, the case of this invention is shown in drawing 6 (a), and the case of 
the conventional example is shown in drawing 6 (b). Although the transparency shaft of the 
direction of a m^jor axis of the liquid crystal molecules 13 and 17 and polarizing plates 10 and 40 
is in agreement in this invention, respectively, the transparency shaft of the direction of a major 
axis of the liquid crystal molecules 104 and 105 and the first polarizing plate 102 and 103 will 
shift 45 degrees in the conventional example. Therefore, in the conventional example, although 
the optical leakage by form birefringence is not generated in this invention, when variation arises 
in the retardation of a liquid crystal cell 100 and the optical compensation layer 101, the optical 
leakage by form birefringence occurs. It is difficult to form the optical compensation layer 101 
which has the retardation which offsets the retardation of a liquid crystal cell 100 completely by 
the variation on manufacture etc., and it difficult to prevent the optical leakage which originates 
in the variation in this retardation in the conventional example, however — since the optical 
leakage by form birefringence does not occur in the case of this invention — a black display 
better than the conventional example — it can obtain — high — a contrast liquid crystal display 
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can be obtained. Although the effect of optical rotatory dispersion was disregarded in this 
explanation, when the effect of optical rotatory dispersion is taken into consideration, the optical 
leakage by optical rotatory dispersion occurs for the gestalt of this invention, and the , 
conventional example. Therefore, in the conventional example, optical rotatory dispersion and 
form birefringence will influence the optical leakage at the time of a black display by optical 
rotatory dispersion influencing in the case of this invention, and the black display with better this 
invention is obtained. 

[0024] In addition, if it is the range which does not deviate from the summary of this invention, 
gestalten other than the above-mentioned operation gestalt are also possible. For example, a 
common electrode is prepared in the second substrate side, and you may make it generate 
slanting electric field between a pixel electrode and a common electrode. Moreover, although 
regulated in this operation gestalt in the direction of orientation of the orientation film which 
carried out the laminating of the array of the liquid crystal molecule in an optical compensation 
layer to the substrate, the array direction may be regulated by the configuration of those other 
than the orientation film. 
[0025] 

[Effect of the Invention] When it observes from [ of the substrate of a liquid crystal cell ] a 
normal according to this invention, the direction of horizontal electric field is set up in the in- 
between direction of the shaft orientations of the liquid crystal molecule located in both the 
substrates interface in a liquid crystal cell. The transparency shaft of the first polarizing plate is 
set as the shaft orientations of the liquid crystal molecule located in the first polarizing plate 
side at the time of no electrical-potential-difference impressing in the direction which it is 
abbreviation-parallel or intersects [ abbreviation ] perpendicularly, since the transparency shaft 
of the second polarizing plate is set as the shaft orientations of the optical compensation 
component located in the second polarizing plate side at the time of no electrical-potential- 
difference impressing in the direction which it is abbreviation-parallel or intersects 
[ abbreviation ] perpendicularly — the response time — short — extensive — it becomes an 
angle of visibility liquid crystal display. Moreover, little good black display of optical leakage can 
be obtained, and high contrast can be realized. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is a cross-section schematic diagram at the time of no electrical-potential- 
difference impressing the liquid crystal display which is the operation gestalt of this invention. 
[Drawing 2] It is a flat-surface schematic diagram by the side of the first substrate of the liquid 
crystal display which is the operation gestalt of this invention. 

[Drawing 3] It is drawing showing the transparency shaft-configuration relation between the 
direction of orientation of the substrate of the liquid crystal cell in the operation gestalt of this 
invention, and an optical compensation layer, and a polarizing plate. 
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fDrawing 4] It is drawing explaining actuation of the liquid crystal cell at the time of no 
electrical-potential-difference impressing in the operation gestalt of this invention, and an 
optical compensation layer. 

fDrawing 51 It is drawing explaining actuation of the liquid crystal cell at the time of the 
electrical-potential-difference impression in the operation gestalt of this invention, and an 
optical compensation layer. 

FDrawing 61 It is the comparison Fig. of the transparency shaft of the polarizing plate at the time 
of no electrical-potential-difference impressing, the operation gestalt of this invention about the 
array condition of a liquid crystal molecule, and the conventional example. 
[Drawing 71 It is drawing explaining actuation of the liquid crystal cell at the time of no 
electrical-potential-difference impressing in the conventional liquid crystal display, and an optical 
compensation layer. 

[Drawing 81 It is drawing explaining actuation of the liquid crystal cell at the time of the 
electrical-potential-difference impression in the conventional liquid crystal display, and an optical 
compensation layer. 

[Drawing 91 It is drawing showing the transparency shaft-configuration relation between the 

direction of orientation of the substrate of the liquid crystal cell in the conventional liquid crystal 

display, and an optical compensation layer, and a polarizing plate. 

[Description of Notations] 

1 First Substrate 

8, 12, 16, 18 Orientation film 

9 Second Substrate 

10 First Polarizing Plate 
13 Liquid Crystal Molecule 
15 19 Substrate 

17 Liquid Crystal Molecule for Compensation 

20 Liquid Crystal Cell 

30 Optical Compensation Layer 

40 Second Polarizing Plate 
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(Slttl ) B-4 5HHC. m-Sfit9©E(Sj^lS] («W 
2 ) B4 SgKSftSSft*. fllEMEPjbD»ttSfi 1 . 9 
??E©ffiA#T- 1 3 #BfldK 8.12 ©Effl«ffl(C|g* 
S*l"CE?"Jr4/c«>, is— 1 WSCifcA^ 1 3 B 

gMijfa&mm 1 4 n— ^njK ft «j . m^ss 9 us© 
m&fH- 1 3 tt«M^iai«<xtt 2 tm-isfotxLtj; 0 . s 
is 1 . 9 m vmskfr* 1 3 «»— «ts 1 *> 6S8- sts 9 

tC*t L-C&HOjfiMfi&m 1 *>5>5S«2 ^KB$flm 0 «C 9 

ott»fttt#&*¥E5UTa. -?-o-cmEEnflDB#«oe 50 
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amicttfiwji£u sjsa&?i 7&om.ym<c®& 

TS. C©4*«E1. 9#wb©««w-i 7©*** 
fil(45fi. -45S) (C»Lr«l|l*rt* ( WBWft* 
IS) (OS) fcasoro*©?. Sffii. 9SMB©iSll 
^f- 1 7 tt*ti*ti4 5S8?nsAfwc«t < . jzarom 
#w<ft«. n-m%m o©a®w (^»i) bj»— 
«« 1 ©Eisjarfl (WBi) tH-^iajKlwesft. w 

mfilO. 4 0©2jSttBii:XOT<,»S. 
[0018] *^«fflJB3 0 TBS® 1 5 ©Etttiiffl 
(SS813) Bl 3 5SK, S« l 9©Efa:frGJ (SSI 

4) B4 5 access ft*, -s-brsffii 5. 1 own 

©!MU8iKA&?- 1 7 tfEfilS 16. 18 ©Bffl£fflcc 

*wewr*fc*>. sffii sfimcmmmm&fH-i 1 
\t&mmtmuz tm--muLtsi 9 . s« 1 9 sis© 

ffiSfflffiS^ 1 7 B*tt*l*)*i!WSl4 il31-^rS](Cft 
0 . WSL 1 5. 1 9ra©« B l«-T- 1 7 BStg 1 5*>6S 
ttl 9{C»LrgW^|S)*s||©3*>6*«i4^B$i+lI0 
(C 9 0 S«ftft *5 6 *¥E?iJ-r 4 . TfeTRKS® 3 0 ©fll 

mmmihft*i mwik-bM o<omn&*i 3©sft 

55l6j£«jSt»lfiJ«CR-ftBagftSCir. jgS-feil/2 0 
■Cte*$ft/cSii36©[83fetttB*^lifiUa 3 0 tc «fc o 

-cs[s-fe^2 0*aja-r*iir©tK}Btcgirci:«:ft5. 

^-<1^4 0©S3aW (M0R2) t£SKl 9©ElSJ^7 
|S] (MI4) i|51-*lSj«cS3£Sft4. c©S«SBS8r 

Bffia^ 1 3 iffiiRfflisii i 7 as-e-ft-eft 9 oes 

ft. ffflHHElO. 4 0©Sia^ii[3X-rSfcJ?). Hi® 
1 4S©S3*Jm-HB3t«l 0©2jfi«i (Ml« 1 ) £15- 

*l5lKft»). H^2 il^4*i^-{B3t«4 0©ffijSi4 
(jftM2) tH-76n*«cft«5. l/*>t*»W»*ft<eft 

0{SM10. 4 0©»M»*»l»>r*«lRl. 191? 

©-c* ») . seo-c^ft < <t fcm-d^ts i o ©jgisWB 

jfeS-feJl/ 2 0©^— 1 ©E(6j^rSl4¥t7^F(SjeL < 

ttittSE&i»j«:we*ft. arr«*«4o©jajH»B3i6* 

ffifiUt 3 0 ©S<fi 1 9 ©Efttfrffl 4 W55riH*L < BiS 

s^rifijtcsssfti., 

[0019] B37B9EK1 4X1R3. Hi®2 451^4 

^ft-eftfsi— ^tcftijw. *Ep©iQ]*«Et>cca»«c 

ftoTt^S. CftBSffil. 9. 15. 1 0H1B©ffiA 
^fl3, 1 7«^*hft*Wt/r*WB?HU C©^ 
En©MftB^JWhAtcj:-9-C£t;&ttA^l 3. 17 

©««4^*^r. tt-»r«ii(cisii»fc«a»^i 3 
tmm3tcm>ie.w(vmais&i 7. x«t2<ci«i^ 

«S^f-l 3 4XM4(CMC^IfflUI«J|^l 9tt* 
ft-eft««4^nSj*sSi>K:jS?ft 4 . 
[002 0] C©jKaiainKg©8<jflp^BI4 . 05 teg 
-y\.*xmi?2>. S4BS)B»EP»n^©jgS^f-l 3ft 
4'©E5F"Jt^S€:S-re^H. 0 5 B^BEEnttJB?©^^ 

^•i 3ft4©E?'j«isS'&^-rgi3:ar*-s. ft*». a 

4. 05-CB-€-ft-€'ft^{SJK:Mjt,t-^ > {sig«:te^4SS 



[ o o 2 n $ -na 4 ccg^i>Tisffi&ep}jDi#©f!M'p* 

WltZ. &-®WGLl 0 4jljSL.fcS3t^«-4 5e 
0#ft£IMr&aa<l%K:&&. «StJi/2 0t?B. 
SS-StS 1 f?®©®!!^ 1 3 ©fiWWft (S3 ©US 

i ) ftm-mtm o©jgja$4 (@3<dm i ) ±-a 

U ffiH-teJl-2 OrtTj&fi^l 3*JJSB#ftlHl<3K:9 0 

•T-i 3cc<fco-cJabfc3ftT4 ss^isitcigitii-rsiasd 10 

IttcKZ. jRj|-te*2 O©0rS«9Wffi©ffiS^f 1 

3 ijmsfius 3 o ©«« 1 5 Rmvm&mmikfr?- 1 

«>. «*©«ifI;Srfa«gtgl 5 ^liCDffl«ffl?ES^^ 

\m^mmB3 o^vxa^2 o<omgk 1 3 iist^isj 
k 9 0 gjgtti *^*§«jg 3 0 *mm* zm&x 
imfk-t* 2 0 om-st itmfifticmits ft. as— 

{c%^„ iseor*^«iS3 0*jiiab/cSia^cD}gin 20 

^|fi|i»-d^«4 0<D2ia«i{3:iESsrs/c«!> > jgj§# 

wsn<S3feffi4 0 *vc mantes. 
1 0 0 2 2 ] ^«ca 5 ic&^xmmwmm<Dm^si 

WT*. jS^@5K^*epjrr*£Bj3&afli5<!:£ 
il^ffi 6 ©BKiSSA^ 0 . ft A« ^2 0 <DjR 

1 3 tt£Mtftt*3rffi i-srr a <t 5 (ceiie uxmpivt 
m&Mtrz. s3«c^r«t^K:s# (-^sftK 1 ) » 

i3WWHao«:4 5iniNgi/r, ffiSt;W2 0©i 30 
1 3 isstttriftiftso a#to«e*t * «t *> K*¥ie?>j 

r*. CO£ft£fil. 9l?S©?ga%^f 1 3tt*ft-e 
ft 4 5fl3Rti4^W"C. Sffil . 9IHT9 oafitfttaK 
1 3 *i|sj-^(Sj«:(fi] < c i (c «t «5 . i£§B$ra*<5S 

< & 5. «EEEmm«>«¥tMw 3 0 <Dffi&mm£k 1 7 

tt*©E5MttB*«aftOttl,». »— <B#«1 OfciliSb 
^j|*tt-4 5lS^I^KW|-f *lMMi*"C***«. 

**-fe*2o 1 3 

3 0 WT4 4 & KflMUsaRa? 1 7 K <fc -> Tig® 40 

» $ n. ^-{g^ffi 4 o tcidsr * t # «: (g^tfi 

1 0£&jfiO/c7C©jgJa:Jt£|5J— ^tcJKiHTiaaa 

(■r«a«<nfe®ttflKe«c&. fi£o-caaft3fc»*s&-fi# 
«e4 o%iijaorea7nfc?c4 0 

[0023 ] #*E©«S«i^Bttei^W©«fl*jp 

fSSC±**-CS£. cn<t»)06«:S^>T*©)m«: 
■MB* *. *WH»a«&l o. 4 0©SjS«b£<l7fc1g 

io.40 4*ti9rt-*«R i . i 9©i?s«:(5iarsfg so 
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#!#■?■ 1 3. 1 7©Wl^]«:SaL-CW52«:tfofe. &e 

itt**2 0. 1 001*3 

"CttjRa^i3. i 04*59 oss?n-c^s*j. Cft 
*m-HS3te« io. 102 &*frajT **— «R i o#n 

{Cfflg-Tifgal^H 1 - 1 3. 1 0 4^SJg{CLr9 0S© 
Kft?:8?l^<:fc©«:mSfl*J(Cig B lH2^iL/-C{g»-C? 

4. 3 0. ioi fcia»i«:#*.T. ft^a 

§30, i o i [*ix-m<mmM,frf- 1 7 . 105**90 

Klgft-tl,»S*s. Cft«r»-«ifc«4 0. 1 0 3 £*t|Sj 

-rsss 1 9<Dn-mici{tm:*zmQmm&ft* 17.1 
0 5%sjetcu-c9 oa©«ft*«?t>fct©«rSts:w«c 

^^ISaBtfS. C©£#©i^l3. 17. 1 

0 4. 1 0 50fiM£ffl&«%tfU 0. 4 0. 1 0 2. 

1 0 3©3iSf4©Eara<fctCOl,»T. *»w©«^4ia 
6 (a) «:. fi£3fc09©*8£*06 (b) (C7nL"Ct,»*. 

t&wciimi&fH- 13. 17 ©s(t»ifij <t ajt« 1 
0. 4 o©aa«*«*ft*ft— «*0«-c«« 
a#?io4. 1 05©«(wsrfliia-fli*«i 02. 
1 0 3©2i3aii*H sa-rftross. s£r>-c*«?ar 

ttttB^KJraaHiftttJBSfcl/ ttv»3H. S£3^T«ffi 
fl-feiH 0 0<b3fe^fflaiB 1 0 1 ©U *f- ^ a >«:-»•< 
5 •> **<4 DfctB€f«:1Sjl!)Ttttc«fc S3tigft*i^ft-r 

¥ffi®m 1 0 1 . f&MTCtt 

C© U ^ f-£/ 3 >©Mf *{CiSHf •2>*iSft?rK <f 

«ft**«ftO«ct»©ffie*W<fc»)fc^»J5cliajn«rS* 
S£*^tSf©KS%#a b/c»^«*^©^S§{C fcfi£3fe 

Wcfci£3te#tt(c<fc*3lc»ft*i»£-r*. fie-5rna?n 

^f©*»ft«:*»^©*B^«jg3l6^«l*J^*L/. fi£*WI 
t?«i©fe»fi»<i:1g®Jfl4*iiJe-r4c<!:K:ii»j. 
©^*!M9f)5:^**Jfi6ft2>. 
[00 2 4] Ajrfc. *^W©fig«:Jaao«ct»fiH-C* 

-CfM>ttft£ft£3-e&J:9<cls?C>.J:fr>. C© 
»Ufci5l^J®©15rSj^f6j-C«*lJL//c*i. El^Kti?KO« 
[0025] 

t#6BJ©«im] *l%^«:«fcft«. M-bJMDMHM&i 

53tsi*>e>w^u/cti^. ei^w^rffiittjRs-tzji'rtoMS 

«<n«: [ia-r s as»-=F©ffc6ri»i teas x «BSig3?-r 
2>^rfi]«:g9:S3ft. »— «*1R©ail«l«aEBIiEiJJni^ 

©szKijtMffiij^cia-rs^ffla^T-wffi^fsjK:^^ 



immoissmrjiium 

«ffiiJ©¥ffi8tlllS0-C*S. 

[S3] *»^<DSIJS^S8tC*j » SiKli-fe ;UJic;^ffl 10 
T0-C*£. 

[04] *^©SliSJf5S§K:*jWS^ffiR|Enfln^cDjSS 

[0 5] *^©HSfi».®«c*jctssEEnJnjB#©S[S-fe 

[06] mE«Ef«ni^(D(i3t;S©®a«ii?S^^®E 
Jf>JttflSK:58-r5*»?«©SI«S»SSieEJ|5^1©J:bK0'C* 
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* [07] ^©^SI^gfCteW31IJ£&EtfjnES©?8 

[08] '&&omM>m7mmiciei-tzmE.wiiim<Dmik 

[09] ttt*©Staa7n«gtC*JWS}gSH2;US^^ 

1 JB-S18 
8 . 12. 16. 18 
9 m~S« 

i o m-teitWL 

1 3 jKH^T 

is. 19 mm. 

17 *B«ffi?gil^ 

2 o i&fi-feju 

3 0 

4 o usroifttg 



(0 1 3 



[02] 




C8) 



[H7] 




T AU2D 



-jSSMIO 
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[[38] 




(9) 



#132 0 0 2-1 89 22 2 



(72)^W^ SI F*-A(#*£) 2H049 BA02 BA06 BA42 BB03 BC02 

Mmmmw^m^3Tm2oi^m mm. bq2 

= j$«4R*te£3rti:l*i 2H091 FA08X FA08Z FAUX FA11Z 

FO07 FD10 GA02 GA06 GA11 
KA03 LA17 
2H092 GA14 PA02 PA06 PA10 PAH 
QA18 



